W orkplace injuries, primarily musculoskeletal disorders, are a persistent problem for nursing personnel as evidenced by the large number of lost work time cases among registered nurses (RNs) and nursing aides (NAs) reported by the Bureau of Labor Statistics (BLS) (U.S. Department of Labor [US DOL], BLS, 2(01). However, musculoskeletal injury reports obtained from data collected for purposes other than population surveillance may not be the best indicator of the extent of this problem. Symptoms surveys not only more accurately describe the epidemiology of this problem, but also hold promise as outcome tools in ergonomic intervention studies.
One of the primary factors hindering surveillance and assessment of effective interventions for back pain among this population is the lack of standardized methodology and reporting by researchers in the field. This article analyzes questionnaires and symptoms surveys used to measure self reported back pain incidence and prevalence among nursing personnel. The analysis begins with a literature review of international studies using these data collection tools and culminates in a recommendation for instrument standardization to facilitate ergonomic population studies. Goldman (2000) reported a back injury incidence rate of 9.8 per 100 full time hospital employees. These incidence rates are calculated from a national sample of employers' Occupational Safety and Health Administration (OSHA) Injury and Illness Logs. As high as these rates seem. the I year back pain prevalence rate, which a recent study shows at 47 per 100 U.S. RNs (Trinkoff, 2(02) , consistently dwarfs injury incidence rates.
Incidence is defined as "the number of new events or cases of disease that develop in a population of individuals at risk during a specified time interval," while prevalence is "the proportion of individuals in a population who have the disease at a specific instant" (Hennekens, 1987) . Although it may seem a contradiction in terms, many studies reviewed here calculated "lifetime prevalence" of low back pain to mean the percent of respondents who reported ever having this disorder, not just individuals experiencing pain at the time of the survey. Injury incidence rates are an incomplete measure of the extent of work related musculoskeletal disorders (WMSDs) in an employee population for a number of reasons. These reasons include recording restrictions on what constitutes an injury case, the reluctance of affected employees to file an injury claim because of fear of employment repercussions, and health care worker conditioning to ignore back pain (Cato, 1989; Collins, 1990; deCastro, 2(03) .
Most work related back injuries develop gradually. "The scientific studies reviewed support the conclusion that repetitive mechanical strain exceeding tolerance limits, imposed in a variety of ways, results in chronic skeletal muscle injury," according to the U.S. Department of Health and Human Services (USDHHS), National Insti-tute for Occupational Safety and Health (NIOSH) (l997b). Because pain and discomfort are initial symptoms of musculoskeletal impairment and disability (USDHHS, 1997b ) , intervention researchers have earlier indications of outcome effectiveness if they survey periodically for back pain prevalence rather than waiting a year to accumulate a sufficient number of cases to assess back injury incidence rates.
Despite the advantages of prevalence data, many ergonomic intervention studies among health care personnel rely on passive survei11ance data for their outcome measures. These are injury incidence data collected for another purpose (Rosecrance, 2002) . Examples of these data sources include workers' compensation claims data (e.g., medical and wage replacement costs) and OSHA Log injury and i11ness incidence rates (Brophy, 200 I; Evanoff, 1999; Lynch, 2000; Ronald, 2002) .
One reason for the popularity of using injury incidence data is these outcomes are of most interest to employers and regulators because they allow comparison, benchmarking, and quantification of direct dollar cost. In contrast, little is known about the costs caused by lost productivity that result from employing nursing staff members suffering a disabling amount of discomfort. However, even those intervention studies that have relied on prevalence data as opposed to incidence data are subject to a number of methodological weaknesses that stymie comparisons of populations over time and make metaanalyses impossible (Deyo, 1998; Schierhout, 1996) .
For the collection of WMSD prevalence data, researchers generally rely on musculoskeletal symptoms surveys or questionnaires. Although NIOSH states that "[c]ompared with OSHA logs, symptoms surveys provide a more sensitive way to determine who has symptoms and who does not" (USDHHS, 1997a), these tools are not without quality problems. Chief among these is the widespread variability of the instruments used in research on WMSD symptoms among nursing personnel.
Many researchers in the studies reviewed here reported designing their own questionnaires, but provided little other information about them. This lack of standardization seriously weakens researchers' ability to compare different populations or the same population at different times. For example, it is not possible to determine trends in back pain prevalence following the adoption of the United Kingdom (UK) Manual Handling Regulations (Health and Safety Executive. 1992) because the six prevalence studies of nursing personnel in the UK published in the 10 subsequent years all used different researcher designed questionnaires (Hollingdale, 1997; Klaber Moffett, 1993; Leighton, 1995; Newman, 1993; Smedley, 1995; .
REVIEW OF BACK PAIN PREVALENCE STUDIES AMONG NURSING PERSONNEL

Method
The literature search for this review was conducted using PubMed, which, according to the U.S. National Library of Medicine (2003) , provides access to more than 12 million MEDLINE citations going back to the mid The following terms were added to the search with the appropriate Boolean operators (i.e., and, or, not): "occupational," "work related," "musculoskeletal," "back pain," "low back pain," "back injury," "incidence," "prevalence," "symptom(s) survey," "questionnaire," and "Nordic Musculoskeletal Questionnaire."
The search was limited to articles published in English between 1970 and late 2003. References of each study were hand searched for additional studies not captured in the electronic search. Forty six studies, including the author's doctoral research (Menzel, 2001) , were chosen for further review. The selected studies reported using questionnaires or standardized interviews to obtain back pain prevalence in nursing personnel, including RNs, licensed practical nurses, NAs, orderlies, institutional aides, and home health aides, but excluding aides whose duties were primarily housekeeping and not patient care.
Also excluded were studies that included nurses among other occupational groups in the sample but did not stratify the results by occupation. Studies that determined prevalence through physical examinations alone, such as Larese (1994) , were not included. Studies with a subject inclusion criterion of current back pain were excluded as well. To avoid redundancy, only one article was included when multiple research reports were published using the same initial data. Studies were reviewed to assess study type, primary data collection tool and its psychometric properties, sample demographics, case definition, recall period, and prevalence findings. A summary of the studies included in the review appears in Table  1 . The Table contains the author's assessments of methodological limitations, only some of which are discussed in this article.
Overview ofStudies
Investigators from the UK took the early lead in identifying the extent of low back pain in nurses, with three cross sectional studies in the 1970s and 1980s (Cust, 1972; Stubbs, 1983; Videman, 1984) . Although it is not possible to infer cause and effect from cross sectional studies, all found an association between back pain prevalence rates and patient lifting or manual handling, with Videman reporting a heavier physical workload and higher back pain prevalence for NAs than for licensed nurses. Shortly thereafter, U.S. researchers began to report findings of increased back pain prevalence in nursing personnel associated with manual handling (Cato, 1989; Harber, 1985; Mandel, 1987; Skovron, 1987 '" UI ....., RV=none of the follOWing reported: reliability, validity, or pilot testing. study of more than 500 nurses in a Los Angeles hospital, the researchers concluded "there is a high frequency of significant occupational low back pain in hospital nursing staff. Data reflecting lost work time injuries markedly underestimate its importance" (Harber, 1985) . Yet, almost 20 years later, most WMSD researchers continue to focus on injury incidence rates, in effect measuring just "the tip of the iceberg." During the 1980s, researchers began to document high prevalence back pain rates in nurses working in Australia and the Scandinavian countries (Arad, 1986; Videman, 1984) . In 1989, Videman reported the results of an intervention study using Finnish student nurses, some of whom received additional training in patient handling skills, with back prevalence as an outcome variable. The group with better patient handling skills a year after graduation was found to have a lower prevalence of back pain than the controls.
During the I990s, Scandinavian researchers published six nurse back pain prevalence studies (Ahlberg-Hulten, 1995; Bru, 1994; Gerdle, 1994; Johansson, 1995; Josephson, 1997; Lagerstrom, 1995) . These studies confirmed the problem of high back pain prevalence in direct care staff whose jobs involve moving and handling patients in hospitals. Investigators in the UK published five studies (Hollingdale, 1997; Klaber Moffett, 1993; Leighton, 1995; Newman, 1993; Smedley, 1995) . Researchers in the U.S. published one, based on an analysis of 1988 data (Guo, 1995) . All were cross sectional or epidemiological cohort studies. By the end of the 20th century, researchers from 14 countries, including Japan, China, and South Africa, had published studies, with 1 year back pain prevalence rates ranging from a low of 47% (Estryn-Behar, 1990) to a high of 66.8% (Knibbe, 1996) . Compared with I year prevalence rates reported for more sedentary occupational groups, such as 34% for office workers (Burdorf, 1993) , these results pointed to a world wide health and safety problem among nursing personnel, a problem associated with heavy manual lifting.
It was not until the 21st century that randomized clinical trials using prevalence data began to be reported in the literature, with one from Canada (Yassi, 200 I) , one from France (Fanello, 2002) , and one from Scandinavia (Homeij, 200 I) . Experimental studies enhance the scientific rigor of the findings because the investigator manipulates the independent variable and allocates subjects randomly to either intervention or control groups. Researchers at a Manitoba Health Sciences Center hospital found that nurses in a program that involved the introduction of safe patient handling and movement equipment showed significant improvement in back pain prevalence compared to those using standard techniques alone (e.g., body mechanics) (Yassi, 2001) .
Swedish researchers found that neither physical training nor workplace stress management programs significantly reduced low back pain in home care personnel compared to controls (Homeij, 2001) . Fanello (2002) found that French hospital workers who completed ergonomics training in safe patient handling techniques had a significant reduction of lower back pain over controls. 
QUESTIONNAIRE/SURVEY QUALITY RBllability and Validity
Selection of an instrument appropriate to measure back pain prevalence requires careful consideration of its psychometric qualities in light of the outcome data of interest. Psychometric assessment is "an evaluation of the quality of an instrument, based primarily on evidence of its reliability and validity" (Polit, 2003) .
A questionnaire's reliability is "the consistency with which it measures the target attribute" (Polit, 2003) , in this case, back pain.
According to Rosecrance (2002) :
Questionnaire reliability is critical if the instrumentis used to assess intervention effectiveness. If the items on the questionnaire do not yield a similar [WJMSD prevalencefrom week to week, they cannot be used to assess changes in lWjMSD symptom prevalence from year to year.
One way to assess an instrument's reliability, also known as stability, is to give the test on two separate occasions and compare the scores, producing a reliability coefficient. The higher the coefficient, the more reliable or stable the test. Another type of reliability is internal consistency (i.e., the extent to which the instrument measures back pain and nothing else). Answers are compared with each other for consistency. The statistic produced is called coefficient alpha or Cronbach's alpha. The higher the coefficient, the higher is the internal consistency (Polit, 2003) .
The three major types of validity include criterion related, content, and construct.
Criterion validity. Criterion validity is a measure of a tool's sensitivity and specificity. McDowell (1996) defines the use of these terms in screening. The "sensitivity" of a test refers to the proportion of individuals with a particular disease who are correctly classified as diseased by the test, while "specificity" refers to the proportion of individuals without the disease who are so classified by the test.
If symptoms surveys are to be used in a workplace to identify which jobs are causing ergonomic problems, it is important to have a tool with high sensitivity (with the trade off of having some false positives). However, in ergonomics intervention outcomes research, a tool with high specificity is more important-one that correctly discriminates between individuals with and without back pain. Unlike self report questionnaires used to screen for conditions that have a specific criterion, such as fasting blood glucose for diabetes, criterion validity is difficult to determine in WMSD questionnaires because WMSDs lack a "gold standard" that correlates with the condition (Lemasters, 1996) .
Content validity. Perhaps more important than criterion validity when selecting a symptoms survey to use as an outcome measure is its content validity, which is the extent to which the tool contains a sufficient sample of items to measure the construct (e.g., WMSD). Content validity is determined primarily by expert judgment. Dimensions of low back WMSDs include questions about pain location, quality, severity. duration, associated disability, and etiology.
Construct validity. Construct validity is the extent to which a tool measures the variable of interest, in this case, work related back pain. One way of verifying construct validity is the known groups technique. With this technique. the instrument is tested on groups with and without the attribute, followed by comparison of the results. The difference should be in the expected direction (polit, 20(3).
One standardized musculoskeletal symptom survey used for screening working populations prior to reported injury (as opposed to instruments that assess level of disability after an injury is reported) is the Nordic Musculoskeletal Questionnaire (NMQ) (Kuorinka, 1987) . This widely used instrument has published reliability and validity information, Reliability for the low back version was reported as 0% to 4% non-identical answers following testing of 25 Scandinavian nursing staff members twice after a short interval. Validity was established by comparing employee responses with findings from clinical histories taken by a physical therapist and finding a high degree of correlation (Kuorinka, 1987) . Maul (2003) assessed the specificity of the NMQ by conducting a clinical examination and functional tests on a subset of respondents and found the tool correctly classified respondents as either cases or non-cases in most instances. Reliability was assessed by computing the correlation between duplicate questions asking about 12 month prevalence and found coefficients to be ";3.79. Investigators in the UK evaluated an English language version of the NMQ and found the number of non-identical answers for weekly prevalence varying from 6% to 19% (Dickinson, 1992) .
There are several versions of the NMQ, including one for assessing the whole body and another focusing on the lumbar region. Eleven studies included in this review used a modified version of the NMQ for data collection. (None described the modifications.) While the preponderance of those studies came from Scandinavian countries, back pain researchers in Germany, Greece, the Netherlands, Switzerland. and the United States have employed this tool as well. Studies using the NMQ that reported I year back pain prevalence rates show a lower figure in the United States than in other countries: • 47% in the United States (Trinkoff, 2(02) . • 75% in Greece (Alexopoulos, 2(03). • 64% in Sweden (Johansson, 1995; Josephson, 1997) . • 66.8% in the Netherlands (Knibbe, 1996) . • 68% in Switzerland (Maul, 2(03) .
However, these figures are not directly comparable because the U.S. sample included only RNs, while the Swedish and Dutch studies included unlicensed assistive personnel, as well-an occupational group known to have a higher prevalence of back pain.
Other non-researcher developed tools used in the reviewed back pain prevalence studies include one report using an instrument that incorporated parts of the Corlett and Bishop (CB) tool (1976) , one using the Dutch Musculoskeletal Questionnaires (DMQ) (Hildebrandt, 200 I) , and two using the Cornell Musculoskeletal Discomfort (CMD) Tool (Cornell University, 2003) . These tools have shortcomings in terms of availability, reliability, validity, and case definitions, among other qualities. For a summary, see Table 2 .
Twenty seven studies reported using researcher designed questionnaires, with only 10 of those reporting any information on at least one of the following: validity, reliability, or pilot testing. Without knowing how back pain was defined and measured, it is difficult to interpret or compare the findings of studies that did not report psychometric information.
RBspimslvBnBSS
For use in longitudinal intervention studies, a tool must have not only reliability and validity, but also responsiveness, or the ability to "detect clinically important changes over time, even if those changes are small" (Guyatt, 1989) . This dimension has not been addressed for existing WMSD symptoms surveys. Questions such as "Have you ever been hospitalized because of low back trouble," part of the NMQ, reduce responsiveness because a Yes answer will never change, even if the individual benefits from the intervention. Assessing whether the respondent has ever had back pain (lifetime prevalence) is another question of no value for measuring symptom reduction over time. Despite this. one study used the NMQ to measure outcome in a randomized clinical trial (Horneij, 200 I) .
DBllnlllon 01 Back Pain and CasB
Great differences exist in the way back pain is defined in questionnaires and what constitutes sufficient severity, frequency, duration, or disability for the respondent to be counted as a case for prevalence purposes. Some questionnaires, such as the NMQ, have anatomic diagrams with the regions in question clearly marked, while other studies simply report they inquired about the presence of "back pain" or "low back pain," leaving it to the respondent to infer corresponding body regions. The range of back pain and case definitions is illustrated by comparing one study (Smedley, 1995) , which combined case definition and anatomic landmarks to limit positive responses to "pain lasting longer than a day in an area (indicated in a diagram) between the twelfth ribs and the gluteal folds," to another study (Hollingdale, 1997) , which simply described the variable as the "back pain experience." To be counted as a case in one Canadian study (Yassi, 2(01) , a participant could have experienced pain for anywhere from 1 day to 3 months. However, most studies did not report whether duration was measured. French (1997) limited positive responses to "all conditions of pain, ache, stiffness or fatigue localized to the back related to nursing practice," which was an effort to limit the cases to work related pain. However, most other studies in this review failed to describe whether they had asked the respondents if the pain was work related, raising the possibility of confounding by non-work causes of back pain or nonspecific pain syndromes (e.g., fibromyalgia). The National Institute for Occupational Safety and Health recommends setting a minimum severity threshold of "discomfort lasting at least I week or of at least moderate intensity" (Baron. 1996) to increase specificity. The National Research Council and the Institute of Medicine (200 I) have called for developing agreed upon criteria for defining WMSD cases. as well as standardized survey instruments to measure them. These criteria and tools could then be used in epidemiologic and intervention studies.
Practicality
A final issue in evaluating a questionnaire is its availability to users and its acceptability to respondents. The NMQ has not been published separately in a format suitable for administration (Kuorinka, personal communication. September 7. 2(02) . Researchers must recreate it by extracting the questions from a 1987 issue of Applied Ergonomics, a journal not widely available in the United States. and then redraw the anatomic figure. The author could not locate a published English language version of the DMQ.
When screening large numbers of workers who may have limited time to respond, the tool used should be relatively brief and have "face validity" (i.e.• the questions should appear to be related to the construct being measured). Multiple pages may hinder potential respondents' interest in completing questionnaires and are of concern to employers who calculate the loss of productivity involved in research participation. One page questionnaires with an anatomic figure. such as the NMQ or CMD. reduce response time as well as barriers and errors caused by poor reading comprehension skills. However. this efficiency did not translate into higher response rates for cross sectional studies using the NMQ compared to ones using longer researcher designed instruments. One concern when using brief tools is that "surveillance instruments usually trade simplicity and speed for precision" (USDHHS. NIOSH. 200 I).
ADDITIONAL STUDY ISSUES
DeI/nil/on ofNurse
In the preponderance of studies of back pain in nursing personnel. the word "nurse" is not further defined as to whether the respondents were unlicensed assistive personnel. such as NAs. or licensed staff. such as RNs (or the equivalent category in countries other than the United States). These distinctions are crucial in comparing prevalence rates among groups. Job specific comparisons across studies are impossible when studies describe their respondents as simply "nurses" (Engels. 1996; Hofmann. 2002; Knibbe. 1996; Maul. 2003 : Niedhammer, 1994 Smedley. 1995 : Stubbs. 1983 ). or when they do not report prevalence by job classification even though known (Ahlbcrg-Hulten, 1995; Coggan, 1994; Estryn-Behar. 1990; Skovron, 1987) . The few studies that did report prevalence by job title found a higher prevalence in NAs than RNs (Guo. 1995; Videman, 1984) .
Recall BIBS
Pain recall accuracy is affected by time. The longer the time between the experience of pain and the request to remember it. the less accurate are the results (Gendreau. 2(03). Back pain is not well recalled over time (Burton. 1996) . Thus. asking nursing personnel to remember episodes of back pain during the past year is likely to be inaccurate because of memory lapse. Yet many of the studies reviewed here report using a I year (or longer) recall period exclusively (Botha, 1998; Cato, 1989; Chiou. 1993; Coggan, 1994; Cust, 1972; Engels. 1996; Estryn-Behar, 1990; French. 1997 : Guo. 1995 Johansson. 1995; Josephson. 1997; Klaber Moffett. 1993; Knibbe, 1996 : Mandel. 1987 Maul. 2003; Newman, 1993 : Niedharnmer, 1994 Skovron, 1987; Smedley. 1995; Stubbs. 1983 : Trinkoff, 2002 Videman, 1984 Videman, . 1989 . This lengthy recall period most likely results in an underestimation of both prevalence and incidence. A long recall period also limits responsiveness for intervention studies seeking to assess short term results. A 1 month or shorter recall period is likely to produce more accurate and consistent results and more closely fits the definition of prevalence.
Population DemographIcs
To allow meta-analysis and trend analysis, when gathering prevalence statistics for nursing personnel. investigators should further specify the job category (e.g .. RN. NA) and job position (e.g .• direct care RN, head nurse. supervisor) of respondents when reporting not only sample description but also prevalence rates. This allows comparison of groups with similar job exposures.
Research Needs
Although OSHA recommends employee surveys to identify problem jobs in its ergonomics guidelines for nursing homes (U.S. DOL. 2003). it does not provide a tool to do this. In 2001. the NIOSH National Occupational Research Agenda (NORA) Musculoskeletal Disorders Team identified a research gap in surveillance. which it defines as "the ongoing systematic collection. analysis. interpretation. and dissemination of [WjMSD health and hazard information to identify trends. develop prevention strategies. and evaluate the effectiveness of those strategies" (USDHHS. NIOSH. 2001). More specifically. the report called for additional research on "how surveillance information can be collected. using ...active surveillance data (annual symptoms surveys of all employees in manual handling jobs)" (USDHHS. NIOSH. 2001). However. the report does not recommend a specific tool.
The National Institute for Occupational Safety and Health has used a variety of WMSD assessment instruments in conducting health hazard evaluations (USD-HHS. NIOSH. 1990 NIOSH. . 1993 . In its 1997 publication. "Elements of Ergonomics Programs," NIOSH (1997a) printed the symptoms survey presented by Hales and Bertsche in 1992 . which is virtually identical to the one published by OSHA in 1990 (U.S. DOL). This tool is of unknown reliability and validity. A valid and reliable. standardized. NIOSH developed tool would have great utility not only for researchers, but also for employers wishing to monitor the musculoskeletal health of their work force.
IN SUMMARY
2 Measuring the change in current back pain prevalence yields more timely information about the effectiveness ofan ergonomic intervention than assessing injury incidence rates, because ofthe high percent of nursing staff members who work in pain but delay filing workers' compensation claims.
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RECOMMENDATIONS AND CONCLUSIONS
As this literature review has shown, there has been an abundance of cross sectional and epidemiological studies documenting the high prevalence and persistence of low back pain in nursing personnel. Far fewer clinical trials of interventions have used prevalence as an outcome measurement. Although back pain has a multifactorial origin that includes physical, psychosocial, individual, and work organizational factors (USDHHS NIOSH, 1997b; World Health Organization, 1985) , most interventions to date have focused on addressing a single etiological factor, usually physical load. However, some researchers are currently recommending preventive interventions targeting multiple etiological factors (Burton, 1997; Nelson, 2003; Smedley, 2003) . To enhance the search for effective back pain prevention approaches, it is vital to use outcomes measures that are classified as active surveillance and are highly specific, responsive, rapid, reliable, and valid. Injury incidence statistics fall short of these standards, whereas WMSD prevalence rates hold promise for this purpose if measurement tools are standardized and refined.
To gauge the musculoskeletal health of any work force, occupational health nurses must have adequate instruments. The National Institute for Occupational Safety and Health needs to develop and test such tools through either intra-or extra-mural research. Questionnaires obtaining pain and disability data, although subjective, have been shown as the most appropriate variables for measuring clinical outcomes in low back pain research (Deyo, 1998) and should be used more often in ergonomic intervention studies. Takeuchi, Y. (2000) . Associations of self-estimated workloads with musculoskeletal symptoms among hospital nurses. Occupational and Environmental Medicine. 57(3), 211-216. Arad, D., & Rian, M.D. (1986) . The incidence and prevalence in nurses of low back pain: A definitive survey exposes the hazards. The Australian Nurses Journal, /6(1). 44-48.
Questionnaire development follows a structured process considering such things as question sequencing, language, and layout, followed by pilot testing, revisions, and reliability and validity testing (Dickinson, 1992) . As the federal agency charged with conducting occupational safety and health research, NIOSH is the most appropriate body in the United States to conduct this project, especially in consideration of the extensive expert and statistical resources needed. Currently, NIOSH is not conducting any intramural research on symptoms surveys (1. Boiano, personal communication, July 28, 2003) .
